S urvival of patients presenting with ST-segment elevation myocardial infarction is enhanced by rapid, complete, and sustained reperfusion of the infarct-related artery. 1-3 Delays in either door-to-needle 1 or door-to-balloon [4] [5] [6] [7] times are associated with increased mortality. In patients who are treated with primary percutaneous coronary intervention (PCI), each 30 minutes of delay increases the relative risk of 1-year mortality by 7.5%. 6 It has been recommended that efforts be made to shorten door-to-balloon times for all patients because time-to-balloon strongly correlates with mortality regardless of the baseline risk of mortality. 7 PCI ensures more complete and sustained restoration of flow to the infarct-related artery than does fibrinolysis. A systematic overview of 23 randomized trials that compared primary PCI with fibrinolysis concluded that primary PCI was superior at reducing death, reinfarction, and stroke 8 ; it was also more cost-effective. 9 Thus, primary PCI is becoming the strategy of choice in most centers equipped with a catheterization facility. However, access to catheterization laboratories is limited, and the transfer of patients for primary PCI from hospitals without such facilities may be associated with substantial delays. 10 Therefore, strategies are needed to allow for earlier identification of patients with ST-segment elevation myocardial infarction and a shorter symptom-to-reperfusion time.
We developed a care delivery model to improve survival of patients with ST-segment elevation myocardial infarction with the use of systematic primary PCI for the 800,000 people living in the Ottawa metropolitan area. This project required a redesign of the traditional care of these patients, the development of new protocols for ambulance transport, changes in physician-referral patterns, and changes in emergency department protocols.
We previously showed that paramedics could be trained to accurately interpret prehospital electrocardiograms (ECGs) for the detection of STsegment elevation myocardial infarction. 11 Since July 2004, these paramedics have been referring patients directly from the field to a designated cardiac care center for primary PCI. In the second phase of our program, we initiated a protocol by which all patients presenting to the city's emergency departments are transferred for primary PCI. As of May 1, 2005, a protocol was approved at all area hospitals that all patients presenting within the metropolitan area would be referred to the University of Ottawa Heart Institute for primary PCI. In this report, we compare the time to treatment for patients who were referred from the field by advanced care paramedics with those referred by emergency department physicians during the first year of full operation of the program.
Me thods

Paramedic-Referred Pathway
The portion of the program regarding referral by paramedics in the field was developed for patients dialing 911 within the city of Ottawa. Advanced care paramedics were instructed to evaluate patients with chest pain at the scene and administer chewable aspirin and sublingual nitroglycerin if the pain was attributed to myocardial ischemia. As compared with primary care paramedics, advanced care paramedics had advanced training in cardiac life support. It was routine practice for advanced care paramedics to perform and interpret 12-lead ECGs at the scene and independently triage and transport patients with STsegment elevation myocardial infarction to the designated center for primary PCI. The farthest point of service was 37 miles away from the cardiac care center.
All patients who had an onset of symptoms 12 hours or less before presentation and an STsegment elevation of at least 1 mm in two or more contiguous limb leads or of at least 2 mm in two or more contiguous precordial leads during prehospital 12-lead ECGs were eligible for direct transfer by advanced care paramedics to the cardiac care center, thus bypassing the city's four emergency departments. However, patients with absent vital signs, severe hemodynamic instability, or left bundle-branch block were excluded from this protocol and were transported to the nearest hospital. Patients who were initially assessed by primary care paramedics were also excluded and were transported to the nearest hospital. When needed, the advanced care paramedics used a dedicated telephone line to alert a central page operator at the cardiac care center of the impending arrival of a patient. This call activated the code for an ST-segment elevation myocardial infarction, which prompted the cardiology team to assemble in a designated area near the catheterization laboratory.
Patients who were transported between hospitals were initially assessed in one of the four emergency departments in the city. The mode of arrival was either self-transport or ambulance. Reasons for not being referred directly from the field to the PCI center are stated above. Patients were initially triaged by a nurse and then evaluated by the emergency-department physician. All patients who had an onset of symptoms 12 hours or less before presentation and an ST-segment elevation of at least 1 mm in two or more contiguous leads on 12-lead ECGs were eligible for direct transfer to the cardiac care center for primary PCI. The cardiac care center was connected through an underground tunnel to one of the four hospitals and provided aroundthe-clock services of cardiology staff to assess patients in the emergency room of that hospital; this cardiology staff was responsible for activating the team to perform primary PCI through the central paging operator at the cardiac care center.
The other hospital emergency departments were located within 7 miles of the cardiac care center. At these sites, the emergency department physician, without consultation with a cardiologist or an internist, called the ambulance dispatcher to arrange immediate transfer. Fibrinolysis was to be considered if the delay from the dispatch call to the arrival of the paramedic crew was more than 15 minutes. After putting the patient in the ambulance at the community hospital, paramedics immediately notified the central operator at the cardiac care center of the impending arrival of a patient with ST-segment elevation myocardial infarction to activate the appropriate health care team. Before the PCI procedure, all patients received 160 mg of chewable aspirin, 600 mg of oral clopidogrel, and 60 units per kilogram of body weight of intravenous unfractionated heparin (maximum dose, 4000 units).
Primary and Secondary End Points
The primary end point was the proportion of patients who had door-to-balloon times within the 90-minute recommended guideline. The door-toballoon time was defined as the time that had elapsed between arrival at the first hospital and the time of the first balloon inflation. For patients who were referred directly from the field, the first hospital was the cardiac care center.
Times were obtained from the ambulance call reports, emergency department triage sheets, the electronic time stamp printed on ECGs, computergenerated catheterization reports that used realtime data entry, and medical charts. Values for coronary flow at baseline and after the procedure were reported according to the classification of the Thrombolysis in Myocardial Infarction (TIMI) trial. 12 Secondary end points included mortality, reinfarction, stroke, cardiogenic shock, and major bleeding. Reinfarction was defined as recurrent chest pain associated with reelevation of the ST segments in association with either reelevation of cardiac enzymes (twice the upper limit of the normal range) or angiographic documentation of reocclusion of the infarct-related artery. A stroke was defined as a new neurologic deficit of more than 24 hours' duration. Episodes of bleeding were defined as major or minor according to the TIMI classification. 12 The study was approved by the institutional review board at the University of Ottawa Heart Institute.
Statistical Analysis
Categorical variables were compared with the use of Fisher's exact test. Normally distributed continuous variables were compared with Student's t-test. Time intervals were analyzed with the Mann-Whitney U test. Analyses were conducted with the use of Systat software, version 11.0 (Systat). A P value of 0.05 or less was considered to indicate statistical significance.
R e sult s
Characteristics of the Patients
Between May 1, 2005, and April 30, 2006, a total of 344 patients with confirmed ST-segment elevation myocardial infarction were referred for primary PCI to the cardiac care center. Of those patients, 135 (39.2%) were referred directly from the field by paramedics, and 209 (60.8%) were referred from hospital emergency departments. Among patients who needed interhospital transfer, 104 (49.8%) initially presented to the emergency department by ambulance, and 105 (50.2%) arrived by self-transport. Reasons for not being referred directly from the field to the cardiac care center included the absence of an advanced care paramedic in the ambulance, nonqualifying results on prehospital ECG, and the presence of severe hemodynamic instability.
The baseline characteristics of the patients are shown in Table 1 . The mean (±SD) age of the patients was 62.5±13.2 years, and 21.2% were at least 75 years old. Anterior-wall infarction was present in 42.2% of patients, and Killip class 1 was noted in 81.4%. The baseline characteristics of patients who were transferred directly from the field were similar to those of patients needing interhospital transfer, except for a higher estimated creatinine clearance in the latter group.
Treatment
All 344 patients who were referred for PCI underwent cardiac catheterization: selective angiography of both coronary arteries was achieved in 343 patients (99.7%), and PCI was performed in 322 patients (93.6%). Facilitated PCI with tenecteplase was performed in seven patients (2.0%) because of anticipated delays before the catheterization procedure. No patient was treated with fibrinolysis alone. Two patients (0.6%) were treated with immediate bypass surgery, and one patient required emergency bypass surgery because primary PCI failed.
Time to Treatment
Time intervals are shown in Table 2 . The median door-to-balloon time for all patients was 101 minutes (interquartile range, 76 to 133). The median door-to-balloon time was shorter in patients who were referred from the field (69 minutes; interquartile range, 43 to 87) than in patients needing interhospital transfer (123 minutes; interquartile range, 101 to 153; P<0.001). The median time between ECG and PCI and the median time between the onset of symptoms and PCI were also significantly shorter in patients referred from the field. The cumulative percentages of patients' door-toballoon, ECG-to-balloon, and symptom-to-balloon times as a function of time are shown in Figure 1 . Door-to-balloon times of less than 90 minutes were achieved in 79.7% of patients transferred from the field and in 11.9% of patients transferred from emergency departments (P<0.001). Door-to-balloon times of less than 120 minutes were achieved in 95.9% of patients transferred from the field and in 44.9% of patients transferred from emergency departments (P<0.001).
There was no statistical difference in door-toballoon times between patients presenting to the emergency department at the on-site catheterization facility (126 minutes; interquartile range, 98 to 153) and patients needing interhospital transfer by ambulance (122 minutes; interquartile range, 101 to 153; P = 0.88). The median time from the arrival of patients in the emergency department to the request of an ambulance for transfer was 26 minutes (interquartile range, 17 to 48).
Angiographic Results
The angiographic results are shown in Table 3 . The initial proportion of patients with TIMI grade 3 flow at baseline was 23.1% among patients who were referred by paramedics and 21.5% among patients who needed interhospital transfer; this proportion reached 91.8% and 87.1%, respectively, after the procedure.
Clinical Results
In-hospital mortality was 4.7% for all patients: 3.0% for patients who were referred directly from the field and 5.7% for patients who were transferred from emergency departments (P = 0.30) ( Table 4) . A PCI to a non-infarct-related artery was performed later during the initial hospitalization in 46 patients (13.4%); 1 of these patients The results of clinical follow-up were available for 341 patients (99.1%). At 30 days, 6 of 135 patients who had been referred from the field had died (4.4%), as had 12 of 209 patients (5.7%) who had been referred from emergency departments (P = 0.81); at 6 months, 8 patients (6.0%) and 16 patients (7.7%), respectively, had died (P = 0.67).
Dis cus sion
Our study reports on the systematic application of primary PCI for an entire metropolitan area with the use of standardized protocols. Recommended guidelines for door-to-balloon times were achieved more often when patients were identified in the field by trained paramedics and transported directly to a designated center for primary PCI than when patients were evaluated by physicians in emergency departments.
Because primary PCI is now considered to be the optimal reperfusion strategy, there has been a movement to transfer patients who initially present to hospitals that do not have an on-site catheterization facility to centers equipped with such a facility. Five randomized trials concluded that interhospital transfer for primary PCI was better than fibrinolysis. [13] [14] [15] [16] [17] In a quantitative overview of these trials, transfer for primary PCI prevented 70 major cardiac adverse events (death, stroke, or reinfarction) for every 1000 patients who were treated. 18 These trials were mostly conducted in Europe, where the ambulance system is highly sophisticated, and consequently randomization-to-balloon times were relatively short. Current guidelines Among patients who were transferred to a specialized center for primary percutaneous coronary intervention, door-to-balloon times of less than 90 minutes were achieved in 79.7% of patients who were transferred directly from the field and in 11.9% of patients who were transferred from emergency departments; door-toballoon times of less than 120 minutes were achieved in 95.9% of patients transferred from the field and in 44.9% of patients transferred from emergency departments (Panel A). The ECG-to-balloon time (Panel B) and symptom-onset-to-balloon time (Panel C) were also shorter in patients who were referred directly from the field. recommend that the door-to-balloon time be less than 90 minutes and that the estimated PCIrelated delay be less than 60 minutes. 19, 20 In a real-world setting, the experience has been quite different. Data from the National Registry of Myocardial Infarction revealed that the median door-to-balloon time in 4278 patients undergoing interhospital transfer for primary PCI in the United States was 180 minutes, with only 4% of patients having a door-to-balloon time of less than 90 minutes and 15% less than 120 minutes. 21 To minimize the effect of transfer on time to reperfusion and to achieve guideline door-toballoon times, several authors have suggested developing efficient, coordinated regional strategies similar to the trauma-system model. [22] [23] [24] Our results suggest that this model may be feasible. The data were collected in a real-world setting in which all patients who presented with ST-segment elevation myocardial infarction were considered for primary PCI. The median doorto-balloon time for patients who were identified by paramedics and transferred directly from the field was within the 90-minute guideline interval for 80% of patients. Before implementation of this approach, these patients (almost 40% of the entire cohort) would have been brought to the nearest hospital emergency department and considered for fibrinolysis. In this respect, the change in referral practice clearly benefited a substantial proportion of patients. The median door-toballoon time for patients needing interhospital transfer by ambulance was significantly longer than that for patients referred directly from the field; however, this interval was nearly 60 minutes less than that reported for interhospital transfer in the National Registry of Myocardial Infarction 21 and approaches the results reported in randomized trials. These preliminary results are encouraging and could be further improved by reducing the time between presentation at the hospital and a call to a dispatcher for an ambulance. Also, the removal of the consultation process between the adjoining hospital and the on-site catheterization facility should shorten door-to-balloon times. However, presentation to an emergency department is associated with some obligatory logistical delays that are bypassed when patients dialing 911 are evaluated in the field and transported directly to a cardiac care center for primary PCI.
We have recently shown that a strategy in which paramedics independently referred patients with ST-segment elevation myocardial infarction to a designated center for primary PCI was associated with rapid and effective reperfusion and very low hospital mortality. 25 However, that analysis did not include a concurrent comparative PCI group. In this study, we have shown that patients with ST-segment elevation myocardial infarction who are triaged in the field by trained paramedics have significantly shorter door-to-balloon times than do patients who are first evaluated in the emergency department according to the usual standard of care. Before we reengineered our strategies, in-hospital mortality for such patients was 10% for patients presenting to our city's emergency departments between 2002 and 2004. 26 With the application of a citywide primary PCI program, in-hospital mortality during the first year of operation fell to less than 5%.
Several factors have probably contributed to this apparently lower mortality. In the past, fi- Interquartile range 3-6 3-6 3-6 brinolysis was the reperfusion strategy of choice for patients presenting to our emergency departments. Switching to primary PCI may have contributed to a lower mortality since this strategy is known to improve survival over fibrinolysis. 10, 27 Second, because of contraindications associated with fibrinolysis, as many as 33% of patients in the real-world setting do not receive any reperfusion therapy despite its availability. 28 In our new program, all patients underwent cardiac catheterization, and nearly 94% were treated with primary PCI. Third, patients who were identified in the field were processed quickly and had extremely short door-to-balloon times. Finally, lower rates of death among patients undergoing primary PCI have been reported in centers that have a high volume of PCI procedures. 29 In our study, patients were referred to a cardiac care center that performs more than 3000 PCI procedures per year and that is prepared to deal with potential complications associated with ST-segment elevation myocardial infarction. Our results do not apply to areas in which ambulance services are suboptimal or to regions in which transfer distances are unusually long. In our study, the median ambulance transport time between the referring hospitals and the cardiac care center was 10 minutes. It is estimated that 55 to 65% of patients with ST-segment elevation myocardial infarction live within 30 minutes of a PCI center in Ontario. 30 In the United States, the median time to the closest PCI hospital is 11.4 minutes, and the median distance is 8.0 miles, with nearly 80% of the adult population living within 60 minutes of activation of the emergency medical system to arrival at a PCI center. 31 In summary, we developed a program in which all patients within a metropolitan area can be referred for primary PCI. This program was associated with door-to-balloon times recorded in a real-world setting that are encouraging and associated with relatively low rates of death at both early and late follow-up. Guideline door-toballoon times were best achieved when trained paramedics identified patients in the field and referred them directly to a specialized center for primary PCI. Therefore, effort needs to be devoted to developing emergency medical systems that allow for an expanded role for paramedics to triage and refer patients for primary PCI.
